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ABSTRACT : PROBLEM TO BE SOLVED: To provide a gallium nitride semiconductor light-emitting 
device of an internal current construction tj^pe which has superior reliability. 

SOLUTION: A gallium nitride conpound semiconductor light-emitting device the a 
sutjstrate 21 and a multilayer stmcture 200. provided on the substrate 21 . The multilayer 
structure 200 include an active layer 24. a pair of clad layer 23, 25 between which the 
active layer 24 is provided, a re-evapoiation layer 26 fomied on the clad layer 25, which is 
farther from the substrate 21 among the pair of clad layers 23, 25, an internal cun^nt 
constriction layer 27 provided on the re-evaporation layer 26 and having an aperture for 
constricting a current into a selected region of the active layer 24. and re-growth layers 28. 
29 with which the aperture of the internal cun-ent constriction layer 27 is filled. The 
re-evaporation layer 26 functions as an etching stop layer in a process of forming \he 
aperture in the internal current constriction layer 27 and also (unctions as an 
over*saturated absorber. 
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[f9«S2] flffii'^-y FJB(tA I.Ga,..N (Og 
x<l) *»6^fiSS*i. 

SrS2ffiffiB«l n,Ga,.,N (O^y^ 1. x=0<D4 
#y>0) *^p>JBSESti. 

ffiESS^a»I n.Ga,..N ( z i< 0 ) *> P>}BfiS3 
PKf*j85Sfl£*lf5eB«Al.Ga,..N (Ogw^l) 

[mm 3 ] frail 35^© i n isatk z k. 89Sf§ 

^m^ttthx V f->if\y F**fi< 44.1:^ tci/t: 

^^fisrsiei. %aiH/-co«. sft^y^A^it 

(aW015] Iffii'^ V FB* I n.Ga,..N (0 S 
x< I) IfihB&L. 
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BJESttS*! n.Ga,-,N (O^yg 1 . x = 0®i 

65121^^41 n.Ga...N (0<z^l)*»6»« 
b. 

mii^Wm^Si I n.Ga,.,N (OSwS I) i> 

[000 1] 
[0002] 

[S£3ft<0Cr*J S<k:<f ^ (GaN> ». /'«>F=^^-r 
^7^*53. 4eV<!;:^&t,»in-Vi5Ht^*aH*-C* 

». nSSC- SiCSffiS l±K. nmG&l^'^v^ 
7a52. nSAlGaNi'9?'F)g5 3. GaNfitt 
B54t. pSAlGaNd'-S'crFlBSS. nSGaN 
|*iffi^M±JB5 7. feJ:i;pl!!GaN3>f i'FBS 

30 i»h®5 9©±«C»pfil)«S6 0*i»«Sn. Sfi5 1 

[0 00 4] nMGaNf«3a5«SaifllhB5 7«. 

7'ift) *^l/-C(,»'5. pfflISffi6 0)i»6nlWSg6 1'^ 
ijanSSiSB. naGaNrt»«8»i±li5 7©m8e 
M^fflBcajni J: ^ tc n MG a NrtSemailJfcH 5 7 (C 

[0 00 5] c<D^'iu&itH'JK>j^mt^mm»\^ 
-ifa, !Rfra^7-2 4 9820^ii«cceis 
40 sn-c(,>2.. 

[0006] 

Si!6»PeB5 7{c;^F7-f:^ttBan85 (;^F7-r:^«) 
B5 7<DT«CtlS-r4 7 FBS 8<03cES-Ctx 9 

so fc. 
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[0007 1 sfc. it»?^>«^sa«:<»:ot:i*iaj«s» 

aitaswit? J: ^K*a«tB ( ? ^ » HJB S Q ) «:WfiE 
[0008] *»«B. ±E«tll4ffi*-C ft S n/cfc© 10 



[0009] 

[sa«w»-r5fcft©*ai *«w®s<t*'y ■> Ajii 

[00 1 03 >f*LC>lliS}BS-C«. HBi* 
Al.Ga,-.N <OSx<l) 36>€>J^«S*^. SiratStt 30 
)a«In,Ga,.,N (O^y^l. x = 0©4*y> 
0) *>6J&fiESn. mS^WMm\i.\ n.Ga,..N (z 
* 0 ) *»6JKfiSSti. i?Ert8iJaiia»«H»A l .G a 
,..N (Ogw^ 1 ) )ft»6}gfiS3*l"CI.>*. 

[0011] »*Hr»ii«sesrcB. nanism® i 

nfflSttztt. ilSSita©! niiSltyi:^- 
[00 1 23 *#6W©S<b*/'J -5 A»<t^*»«*3fe 



[ 0 0 1 3 1 »S l/l»lliS«S-C«. 7 HiS* 

ln.Ga...N (0^x<l) A>P>»fi£l/. STSffittiB. 
*In.Ga,-,N (O^ySl. x = 0®i#y>0) 
*>6J&aEU. iglBS^^*l n.Ga.-.N (0<2^ 

1) a^e>BfiSo. iJiartsp^R^ja*! n.Ga...N 

(o^wg 1) *»?>jefix-r*. 

[ 0 0 1 4 ) »2 t,i»^i6}BSg-c«. iise»»^s®K 

ttia5^*^S3-liSIgK:*Jt,»T. 5 0 0*>?>7 5 0-C 
[00 151 

(S?«©lliS©J]^.«] WTK. :*:«W*»WrS. ft 
a. mtii')^^ (GaN) ©Ga*5SiJ5W^CC<6©llI 

fi57c3R«:at»jt.%nfc*aw*. Ga.Ai. i 

n,.,-.N (0<s^ I. O^Kl. 0<s + l^ 
«:*)IStf*>©i^*. 

[ 0 0 1 8 ) t/c. *BjtaiS-c«. r^{*«jta!-f J 

(0 0 1 7 ] (UttW 1 ) a 1 %#ratft««6. *aw 
ecj:*2{k«y ■i>AS{b^«)^59»l6*SR?-©W l ©^ 

1 0 6 1 8 1 B 1 B. :«g6g«©S<t^ y A^^fc^ 

a>(*U-1f*^-B. aUC/PS^lS.fc'SK, nSSiC 
SSI 4. S«l±«cKtfe)nA:^«SJSflHil 0 0 
4. lettCiitSft^iiit (fl««tiS) *fi96-rSfcft©- 
W©«S1 0fcJ:Cf 1 1 i«rti^-CC»e. 
[00191 felTtc. i|£«««JB«jS 1 0 0 ©«fiS€:S* 

[0 02 0] 'cO¥«l*!H®«210 0B. ^ifcia 
vi|i))l>f)EiS«C. nSGaN^t^rV-rS (JfSO. 5~ 
lameS)2. nSAl,..Ga,.,Nf ^7 FB (» 
30. 7-lwmgK) 3. y>F--^I no.iGa 
....NffiliJB {»S3O-8O0A) 4. M»F-:^P 
SA I...Ga..,Ni'7» FH (WSO. 1-0. 3u 
mgS) 5. Mg Y'^fl nNfl3S»H (JSSSOA) 
6. oSGaNrtfiBSfl^^lB (J9S0. 3-0. 5u 
m) 7. Mg F-:^pSA l,.,Ga,.,Ni'^-» HIS 
(JfSO. 7-l</mSS) 8. *jJ:cmff F--:/pS 
GaN3>i«i'Hi (JS3 0. 5-1 <im) 9^:§^r 
l>6. 
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(0 02 1 3 n§iGaNrtSSS«5l{^ia7W. >'>F- 

[0 0 22 3 Mg F-T'I nNSSS^e©^^. 
G a NrtSSSaSpeS 7 ®gin^K»{c?t *g»»JiS8jS 
Xm.'PK-mMLXi.^i. C<D?t«J. M?F-:^pSA1 
, ,Ga..,Ni'^v KB8«. wiS^Cm^UVX. M 10 
g F-:^pSA l,..Ga...Ni'v7 FSStCgfMOt 

[0 02 33 MgF-:/paGaN3»f Fa9©± 
®«c«pffll«ffilO*<J^fiSSh. »fil©afflK«nffl 

{$1 00©**P®lSffil 0*>6nffil«ffil I'^.tSift 
ifimhi>, C©it. a«EttnSGaNrtS«S£lfc5«B 

nSGaNrtSP««»^ffl7©BaPS8*Ji*»6T'^ifi<i 20 
C^L-C. ffit-F©Slia!$*ifcU-1f^*'^ 

[0 02 4 3«T«:. 04 (a) ~ (g) i^Mlyttifi 

0i©*««:u-ifoSjS:&a«:Sftwr*. 

[0 02 5 ] *^W-C«. M^k^Vl/'J'A.^ili* 
<*H©)BESK:W«KfeB5<t^«J»«»afi« (MOCVD 

(NH,) ^m^K i\asimt\yxv')^f-i^^')^^ 

(TMG) . Y')ji^)\'ri\'i=-'0^ (TMA) , */c 30 
\t\-*)A9)l'(-yV'^l< (TM 1 n) %ffl<!>*i 'J 

(Cp2Mg) . NSF-zOhtl/tJ*. -t/->^> 
(S iH,) «:ffl»r>*. 

[0 02 8] J^MOCVOfttCi-j-C. l|51S©tea 

Diga©iJ-b:/?±KEsi'/ca. sfiisa* 1200 

[00271^X«:. nSaS iCS«l ©sail 0 00 
•(^S*-CKiai/fca. nSS i CSfiiroiK. nS 
GaN/<7 7T)i (ff?0. 2. nS2 

A l...Ga,.,Ni'7^f FH (®S0. 7-lixmS 
m 3«rfiEfi?«*. *©«. S«aE«r8 0 0~8 5 
0*CSaKKiai/. /'>F-:?'I n..,.Ga,..,Nffia 
ai(»S5 0~8 0 0A) 4%fiSS*-e4. 'XK. WS. 
aS'&l 0 0 0'OgK*-CflSU. Mg F-7'A 1.., 
Ga. .Ni'^:' FH (iSSO. 1~0. Z umWS.) 

5*fiiss«*. ssss^soo-eso-csKfce 5 
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iSLfca. Mg F-?*! nNllj5»ffl6«3 0A©J9S 

{cidEfis^*. 'X«c. sigsas:iooox«a$-cff 

0. bun) 74fi)Eg5tti. C^l/T, 04 (a) K 

C 0 0 2 8 ] cn60^tt®©fi5EStt. «fi 1 «M0 
CV D»fi©fiE^!5p68SlOaiTCt tt< aSSMtctfto 

n-s. 

( 0 0 2 9 3 i^itc. -a. ±sB*s«:ia©aii3 nfcs 

0 « 1 tSEfiS* 691 0 aj ffiS©7 * F 'J y i^v 

(b) {CjnTJ:0«Iv/^d> 1 2 «:nS!Ga Nrt^SSiSW 
^IB7±K}Bjai-i. C©^;^*!!. SiO.SEfcSi 
N. (xttl*>62llS©Sia> . FUi^ 

©MD^l 34WU-Cl»*. 
[0030)>X«C, F7-<»:'f->i'S5B'C«fc-'"^- 0 
4 (c) {C7pSnii:^»K. naGaNrtffl®fc»S^ia 

JO iv5^>Wi. if ^vytcKlz-C. T»a©MgF- 
:/l nNflS^Ji8*iXr»5-XF-»:^ai^-cafifi-r 
h. C©/c*. Mg F-7' I n NB^^6©a® 1 4 

ffi^^tftKSfcTfcAtCtt. Mg F-:^I nNS^ilB 
6©il3B. ft I 0 AtLLlM>l|-C*^.. fc/dU. 
0®<t/-rif-5t. u— ;f3fe©«iDW>»^l'. I63(K»¥ 
«^t^-J.it»9B5ffi3!)S^i;S©-C. iTJl 0 0A<J:9t. 

30 (0 03 1 1 ±iex7^>*'». ECR -R 

1 B E («-f ■< «' a h o :/^S4*iJffl 0/cSl£i4-f * 
>tr-Ax-^^>y) . RIBE. *A:«R1E (5 

• CC l.F,/Arl¥©:y:*4ffl<'>'C. MgF-::^InN 
»1^6©«ffl*5aUT4*rff^. C©a. 7 

•rS (04 (d) ) . 

(00323 2 iIS©eSfiSS (ll^fi) ©fc«>. » 
S«l*MOCVDRa©-!>-fe^*±«C*'' ^^ 
40 N,teJ:U=NH,#SSl-C. SgilSftS 5 O'CT. 
MgK-:^InNJa6©aaiS«*15*lia?^3Ht. 0 
4 (e) {C^T.fc^'H:, Mg F-:/A U iGao tNO 

7 7 Fia5©atB?feBa3-ei. 

[00331 Jt:«?3©fil?«:^B. SSS^IS 6 iSSSlE 
©iSl,>l n.Ga...N (0 < 2 S 1 > *>6«I«L-Cl>* 
/SK**. C©fc«{>. fllS*©fc«)tcHaT::^-^l' <e« 
^H. 1 0 0 0 •CtUi©7^-Jl') «^<t «t9 . *^ 5 
0 0~7 5 0*CSai+»K(Sl»Sfii8S"CSIR«*'^ 
«T*. Wit«. Jf S 3 0 A© I n Um^^WmSt L 
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to 0 34] coivjrttfia^ecficias'ctt, t»© 

[0 03 51 SK. ±S»mrgttMOCVDi®rt 
0CVDSgrtra>f:tXl«B<D»^®^*iS-r5. 

[0036] Moc V D«art«:*5c>-c, ±tas^^ 
Sfias^ 1 0 0 or:ms.tv^Ubtc^< 04 

(f ) tC^-ri^iC. Mff F-:^A U.^Gao.tN^'^ 
GaN=J>4'^'Hi (W^O. 5^ 1 MmSS) 9^fiK 

[0 0 3 7] Sfil^MOCVDSE3&*6lit0aiL/c 

^tx^X^XMs h'-':naip^(>cmtiiti>. CO 
ft. 04 (g) iCTnTJc^ec. p^GaN=3>5'^'hfS 
9±«:pffl!l«® 1 O^J^^L/. nSSiCSfilOSS 

[0038] im^m2)m2i:0mLf3iififD. 
[ 0 0 3 9 1 0 2 :45:||fiSW<OS{b^ U ^ J^mit^ 

SS2 1 <b. SS2 i±«:ac^6nfc¥is(*aii»a2 

3 0fc<tC^3 1 iiffl^-CC^e, 
[0 04 0] «T«:. ^««»«ifi2 0 0CD«^«rl» 

(0 0*4 1 ] CO^imm»&2 0 0\i. Sfi2 ICC 
g'T^gMJ'W:, GaNX«A I NXttA Ia-iGao.»N 
-r<77Ta (500A-2MmgE) 22a*WtTt,» 
C©Sl<0^<7:?TB2 2aO±{c«, Slides. 
CMII)&»iE>ffi»tC. nSGaN^'^y^rJl (I9$0. 5- 
lmngffi)22b. nSA lo.,Ga,.,N^^^ v HS 

(JPSO. Mm^) 2 3, y>]r'-'f I no.il 

Gaa,..Ni£ttiB (il$3 0'-8 0 0A) 2 4, K 
-::/pSA Io.»Ga,.,Ni^^:y Fa (®$0, 
0. 3Mm^) 2 5. Mg F-:^l nNfl?S*H (» 
$30A) 28, n^A lo.»Gao.,Nf*9®«da«5ta 
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(i930. 3^0. b^m) 2 7, Mg K-::^pSAI 
a.»Gao.,-N4^7^ KB (1530. 7-liitnga)2 
8, iJ^fcO^Mg F-::^pSGaN3>f ^hffl (15$ 
0. 5^1 Mm) 2 9)&^JBfiS3n"C(r^5<, 
[0 04 2] n§5[A lo.,Ga».,Nrt8PSS6et5es2 7 
tt, y>F-:^I no.„Gao.,,NffittB24<DS«$ 

10 ^-F*^f -si^tcSiSjn^^o 

[0 04 3] mi^(OmMm\tm«i(^. Mg F-:?"! n 
NW^^2 6C0^^, nSA lo.iGao..NrtSB«S 

trt^S. COfcab. Mg F-:/pSA lo.iGa»..N 

p^vm2s<D-m\t, ffirgB^aai^or, Mg f 

-t'pMA 1 o.^Gao.sN^'^^ FS2 5«:g8!liOTC> 

[0044] Aiid. Mg K"-:^P®GaN=i>if5^Fa 

2 9CD±ffitC«pfflme3 0ds^fiE$n, nSGaN^'^ 
20 y 7 7 iS 2 2 b cr)-g&Kffl^±«C n IBSIS 3 1 if^ll^fS, 

$nri^-6, :fE7nCD^«»&Iel»^6«S3 0t5<i:C/ 

3iK:sE3!>5#K.6n, ±ffia®«®»cDttJ*pfflJse 

3 0*>6nfKlSe3 I'^i^ffi^ifitl^. C(Dit. S 
at^nSA lo.,Ga,.,Nrta5^Sa*^2 7K:,i:or 
-fOv^^^tihOV, mSSlinSA lo.iGao.»NrtSP 

[0 04 5] arcc. 05 (a) - (g) 

@2co4^*u-tf5S^<o«s:^^^swr^, 

( 0 0 4 6 ] 3lfS^ 1 -CfflC^/cMOC V Dffiil^SKOM 
30 OCVDffiW:*^^, l(ElS<oeSfi£g?:tf^fc««). 
7 y r Sfi 2 1 ^ M O C V Dj|g©1^-t2 i?±tCES 

2 0 0'Cfia9S'CSfflT'5CitcJ:-5r. Sfi2 1<Da 

[0047] Sfi2 lCi[)aK«r500-C-650 
•C^KJtrKiaty. GaN, A IN, tMtAlo.xG 
ao,.N-'<77T^22atfiSSSit^. affitaS*! 

0 0 0*CeS«:3iaU/d4, J^yyrm2 2Si±f>Cnm 
GaN>'t7'7ra (if $0. 5 ^ 1 umSK) 2 2 b, 

40 iaJ:t;nSaAlo..Gao.,Ni^^^Fa (»$0. 7- 

1 amga) 2 3«:fiicS$^4o -W)*. S^S*8 
0 0-'8 5 0*CSS(CP?iaL/, v^^F--:^! no.itGa 
p..,NSf4a (i?$3 0-8 0 0A) 2 4«rfiK65'& 

:;;:<c, SfiSS^ri oooxes*-c#?si/. Mg 

F-:^A lo..Gao.»N4^77 Fa (BSO. 1-0. 
3(im^> 2 5«rfiSS3t^i. »fiaS^8 0 0--8 
5 0'(^tcKilLfc». Mg F-:^I nNffiJt«B2 
6*3 0ACDJf 'JCtc. SfitSfiilO 

0 0'(^3JT»at/ca. nSA lo.tGa..tNrt® 

50 ©sase^ea (/eso. 3-0. sum) 21^^^^^ 
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[0048] cn6<0*«»B©fi£S«. Sfi2 1 *M 

[ 0 0 4 9 ] ^XK, -S. JJfi*3?»r8<Daa3 txfcS 

^^^aiBtC.fco'C. 05 (b) (Cii^Ti^^-^j^irS 
2*nSAlo.tGa..,NrtSSS«^«J12 7j:{Cj&fiS 
•r-J). CO-^X^'S S i 0.^/c«S i N. (x« 

t0050]^X«:. F^-<Xv^>^^fi8l5CCj:or, la 
5(c) f>cmitli>^^^. nSA U.tGao.,NI^» 
SSS!*5Bg2 7<0^-^, -7:;^^3 2"Cat>nr«.>/<ct->8? 

gF"-^I nNS2P^S2 6«xv^Xh v^iU-C 
tai6^-S. COtc^. MfiT nNS2fi^2 6(D 

[005 1 ) ±SBX:.^>i^W:. ECR -R 

1 B E 5^ P h P >it(a«:l»J^ U/cSKJtt -/ ^J" 
>ir-AXv^>e^) . R I BE. */cttR I E (S 
lolt^:tVxcr^>5^> «:<i:-,r. BCl,/ArX« 

[0052] 2@S©»lieXg <Ml5JtS) <D/c«). ff 

Mff nNB2 6<0Sa^3 5 4W«^^5-t^-< 

H5 (d) (CTnT^fc^tc, Mg F-->'A lc.»Gao.,N 

(00531 ±tmmMxmicm^x. 2 aaoesfis 

S^tf^. SfiiSS^ 1 0 0 OXgffiSiT^Ufca. 
as (e) CCTn-ri^tC. Mg F-^A lo.iGao.fN 
Fa (1530. 7-1 ^imfia) 2 8*J<taTVlg 
F---:^GaN3:/i'4^ h/i (ffSO. 5--lMmga) 

2 9^fiRfi3'«*S. C(m^&\t. mm<0imrj:VS&<O 40 

[0 054] »S2 r%MOCVDSSSS)5^6aS[0aU/c 

N.SHSl-c. 8 0 0'Cco«Tx-«;>y^tfc>. 
-tticcioTMg F-^*pS«:9!4t3i^^. 

a, 05 (f) CC7SrJ:^«:. nSGaNM:r7Tia2 

2b<![>-®3^aiT^$r, ±i2fflia«a?:a«^w«:x 

[005 5i;X(c, 05 (g)<C7n'ri:^iC, pSGa 
N3>3'5'hB2 9±tCpffl(imS30€JeSEl/, nSG 50 
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aN^<:?:7T®2 2bCO-SSaiS5»±«CnilI^3 1 
[0 0 5 6] C<OJ:^(C. *»?g©»3»*ffi(CJ:ti«. 

[00571 im^ms) ms^miLUifibs :^mm 

[0 058] H3«. ^^fifiWtDSfUy'^ASft^ 
SS2 I Sffi2 1 JiK:gS:Ct6n/c*^»ai®<iii3 

oot. m^'m^j:^ mms&) ^eu&T^fc* 

<)!>-«©«e3 0*J<i:iy^3. 1 i^rffl^-Ctr*^, 
[0059] KITCC. iti^i*aB«fi3 0 0<D«flt«:lft 

[00601 c(r>^4mimsm^30 o\t. ««2 1 «: 

mthSmiC. GaNXtiA 1 NXliA 1 o.»Gao.»N 
^<77rB (Jf$5 0 0A^2am^S> 2 2a«:WL/ 
Tt^-S. C(0aiCD>'W7r®2 2a(D±CC«. S«2 
lCCjac^{ll;!p61IiSic, n§aGaN>'<v7T® 
0. 5-1 /umgS) 22 b, nSA I ...Gao-.N 

FIB (/ISO. 7--1 /imgS) 2 3. >'>K-:>' 
lna.,iGao.»,Nr£f±i§ (If330-8 0 0A) 2 
4. Mg F-t^'pSA lc».,Ga..,Ni'v7 FB (ilS 
0. 1^0. ZummBL) 25. Mg F-:/ 1 no.ia G 
ao...NS^^ (JfS I OOAgS) 3 6. n^Ga 
Nrtai«3SSE^B (/?S0. 3-0. bunmSL) 3 
7. Mg F-^^'pSA lo,,Gaa.»N5^7-7 F®28. 
*5<fcC/Mg F-:/p§2GaN=i>^^' hB2 9*sje«$ 

[006 1 ]3Q:*5, Mg F-:^p32GaN=i>5'5'ha 

2 9O±®«:«pffllSS3 03&5}gfiE3n. nSSGaN^^ 
V 7 7 H 2 2 b ©-ass W8P5^±«: n ifflmS 3 1 ^J&fiR 

sn-ct^^, ;Fa^fK<D®£ea&@ffi;Sp6ms3 0te<):af 

3 03Spe>n{fflSffi3 i'si«cfc&Jian^. 

[0 06 2] *lltef««:*Jl>"C. MgK-:^paAI 
..aGa^.^Ni'^v FIS25i. nS?Ga Nrta«&$»S 
5ga37t, (DraK:jB)5SStir(r>5>Mg F-:^I rip.ji 

Ga«...N^^3 6ti. 'MtsmttmtLxkmm 
smmwj»tvxt&^thftibic\t. Mg f- 

n.Ga,.,Nfl^.^3 6©I n<D«Stt:in«:. tg 

[0063] ±ffi4^f*l/-1fOSfili. F(^«. ±S 
||te«2'Ca^l//c:frS^«ffi'C*^, WTtC. 06 



n 

yr^rm^z l*MOCVDsaM)t^-fe:^^r±iciBa 

2 0 0'CgS$T3fflT«>CiecJ:ot:, Sfi2 1<D^ 

[00 65] yiCCC. Sfi2 l<DaS€r5 0 0*C^6 5 0 
•OSS^TRiai/. GaN, A 1 N, */tWAl,.iG 
a^.tN^W^THZZaJ^RStSSIt^. 
0 0 0*CgEK:ffiaUft:»v J'iyyrm2 2at^nm 
GaN/^5r7Ta22b. 4tfi:Cf nSA I a.iGao.,N 
^^^7 K®2 3*fiS63<t-5. -^oa. SgiaK=&8 0 
0--8 5 0'CgfiCCBSO. K-::^! n»,wGa 
o.oNffiffii2 4*RSfiai^^. ^XCC, Sfifflffi^lO 
00*C^S*"C^U, Mg F-T'A lo.tGao.,Nd^ 
^ :^ FH 2 5 S«aK*8 0 0-850 
X^atcBSOm MgF--:?' I no.j,Gao.»N 
SgK«H3 6*«fi$^*^, SigaK^iooo 
•C^$rj^tfc«. nSGaNrt§P«8SJ*5@a3 7 
c^ur. 06 (a) (C7f^-r«JJS»^ff6 

[0 06 6] Cti6O4^l*B<0fiKfi«. SS2 1€rM 

[ 0 0 6 7 ] :xcc. -a. ±m^m»m(Dmm^tifcS 
fi2 i^fissm^cpeKOttiUca. iiso'?:^ F'Jv^^ 

7:7<<SrfBtcJ:or. 06 (b) tC/7^T<i:^>:c'7X^3 
24nSGaNrt»Sfim^lB3 7J:«:ffjRj-r^^c C<D 
v;Ci^32«. S iO.S/c»S iN. (xlil^€)2fi 

•77.^ZZ\t. ;!(F^'f7^tt<0Mnffl3 3^WLrii 

[oo68]'>:cc, F^'<j^^^>i'a«5^^-''^* la 

6 (c) OCTrSiaSJ:^^:. nSGa NrtSHmSl^?® 
•7:;^ir3 2'Cat>*lTt>^Ct»W^i:iStRW 

I no.,.Gao,..NSIK»JB3 6{*x:7?-;^ F v-r^i 

Lt:«l8*r*. CcDfcsC). Mg F-:/ Ino.itGa 
,..»NIII!^3 6C0^3 4A«RUUc^fS'C, x 

[0 06 9)±SBX9^>^^tt, mtf* ECR -R 
IBE <«^1f-^^^aFP>^^f*J^«^^'=^®c;tt^* 
>1^-Axv^>^) . R I BE. */diR I E (R 
f£;tt-rt>x^i^>y) iC<fcoX, BCl,/ArX« 
CC l,F,/Arl|Efl!>//X*:fflOT, Mg F-:^ In 
» . „ G a . . N^^ia 3 6<oa®AJSaiT^i -Cff 
^. coa. 7:?KStxv^>5^fflEX5iWaiSffIu:<i:o 
r-rXi^3 2^KiT«». 
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[0070] 2@g<D^SfiSfi (SfiEfi) O^*. S 
c;. S®2 l^rMOCVD$^S<0t^^^'/5'±K:■fe7 KT 
5. NjfecfcCfNH^Smr, S^aSft5 5 0-Ct?. 
MgF-:/ [ no,„Ga».»,N^^3 6CDSaSS 
^^3 5^:S»^$i?. 06 (d) «:^r<fc^«:, MgF 
-:/A U.tGao..Ne^7 7 Fa2 5«>Sffi^:ata3•a• 
*o 

[007 1 ] ±E^S.^gtceiC^"C. 2@S<^»SE£ 

&&tf^. wsMssjk 1 0 0 oxigas-csiau/ta. 

10 06 (e) CCjS'r<i:^CC. Mg F-:/A I o.iGa,., N 
FI12 8*s<fcC/Mg F-:/GaN3>4i5^F®2 

[0 07 21 S«2 1 ^MOCVDSa*^6«lOBiL//c 

a, N,#HSi-c, 8oo'co«Tx-u:^^^^m^. 

a, 06 ( f ) tC7n-^<i:^tC. nSGaN^'<'?:7T®2 
2 bcr>-g5;)5atH'r'5*'C. ±s2aJa»iS^S5»W«:x 

[0 07 3] d^^C. 06 (g) ^TVCt^^^. pSGa 
N3>^^7 na2 9±CCpffi!img3 0^rJ&fiEL. nSG 
aN^<77rJi22b cr>-gpsaig6»±«: n II1SS3 I 

[0074] ft^. ±s2{5jn(Dll!SW'C4>. ^^<b 
LX, I nNH=&fflt^*Tt>l>*s. -I n.Ga,-,N (0< 

z'^ 1) mtmm<mm^'^hnh. tttt 

(0<z^l) col niHfiX2<DW$UC>«H», 0. 5 
30 W±l. 0«T-C*So tic. x.v^7.Vv^<D^^^ 
StftO/cii^. I nfflfiKz<D»*tl>eHti, 0. 5W 
ill. OWTi^cS. l^-^WCC^^yti©^, Inmz 
<D{if^(/Ci9m;i. 0. 3 2W±1. OttTi^^p 
[0075] 

(C*5ir^t:, TiS^i'^' F®CC^»$r^^^C6^<. 

40 SaiECDSC^I n.Ga.-,N {0<z^l) A^'^JBkS^ 
5Ct<Cj:-^r. X75^^F7:/IBtl/T<D!Rffi4^/c 

[007 61 */c, mmmowmi^'^x^yvYm 

50 ®@l5ES^iB*3'rtf^Ci*5-C3'5fc«>, -eOXIi4C?l 
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[0077] Ms F-:^I nGaNHgy^tt 

[0078] eUtOJr^CC. *«??«c<i:n«, {iSttCC 
[@M<^ffl#^i$i^} 

[04] (a) (g> SKOSit^^'J-i^AJft^b 

[135] (a) iPh (r) a2©S^b:V»;'5A3ft^b 20 

I' - If CDRiS^ffi^rnr ZSWMH 
[06] (a) /p6 (er) S30M{b^y'>A^{b 

[07 ) S£3ft<osib^y •:)A.^{b^^(*u-tf®»r* 
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1 nSSiCSS 

2 1 Sapph i r eS^ 
5 1 nS3C-SiCS« 

22a GaN. A 1 N. AlGaN^<77rJa 
2, 22b nSGaN-'^v77® 
3.23 nSA IGaNi'^^r h'lB 

4, 24 y> K-3^I nGaNrSa® 
54 GaNrStilB 

5. 8. 25, 28 pSA I GaN^^-5 7 KJS 
6,2 6 pSl nNS^^ 

3 6 p §2 1 n G a NSIK«Ja (iilJaiD»iR(*) 
7 nSGaNrtSS^gafe^® 

2 7 n^A U.tGao-.Nf*3§iISa«^ia 

3 7 nSG a Nl^g5««$fc^® 
9. 29 pMGaN=i>5fi' 
10,30 p{|t^ 

3 I nm^^ 
32 xv^>^-7:^^ 
3 3 X v^>^v:^4;iOfflaSS 
3 4 pS 1 n NWaE^®<0^® 
3 5 pMln N^MMMO^ b<DnWMr^& 



1 1 . 
1 2. 
1 3. 
14. 
1 5. 
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